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Abstract 
General functions for human survival and mortality may support a possibility of general 
mechanisms in human ageing. We discovered that the survival and mortality curves 
could be described very simply and accurately by the Weibull survival function with 
age-dependent shape parameter. The age-dependence of shape parameter determines the 
shape of the survival and mortality curves and tells the nature of the ageing rate. 
Especially, the progression of shape parameter with age may be explained by the 
increase of interaction among vital processes or the evolution of susceptibility to faults 
with age. Age-related diseases may be attributed to the evolution of susceptibility to 
faults with age. 
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Survival function (showing the number of survivors as a function of age) is 
essential to understand the mechanisms of human ageing (1,2,3). Mortality function 
(indicating the relative rate for survival function decline) can be calculated by the 
derivative of survival function (2,3). Typical survival curves for humans show (i) a rapid 
decline in survival in the first few years of life and (ii) a relatively steady decline 
thereafter. Interestingly, the former curve shape resembles the Weibull survival function 
with the shape parameter smaller than unity and the latter curve shape seems to take 
after the case of the shape parameter larger than unity. With this in mind, we could 
assume that the shape parameter should be dependent upon age. 
As stated above, we put forward for the first time general functions for survival 
(S) and mortality () with age t as follows: 
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where  denotes the scale parameter and (t) denotes the age-dependent shape 
parameter. It is noteworthy that the scale parameter (as known as the characteristic life) 
is always found at the characteristic survival or ‘exp(-1)’ ( ≈ 36.79%), which therefore 
can be obtained graphically from the survival curve. After determining the value of , 
since (t) is mathematically equivalent to ‘ln(-lnS)/ln(t/)’, from the plot of ‘ln(-
lnS)/ln(t/)’ with age, an adequate mathematical expression for (t) can be obtained by 
regression analysis. If (t) is constant with age, then the survival function is equal to the 
traditional Weibull survival function. After determining an adequate function for (t), 
the mortality function can be calculated by the following equation: 
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Informatively, the age-dependence of shape parameter determines the shape of survival 
and mortality curves. This mortality function becomes the Weibull mortality function 
(suggested in 1951) for constant  and it seems to follow the Gompertz mortality law 
(suggested in 1825) at advanced age for variable (t) (later shown in Fig. 1C). 
The survival by age for the period 1900-1902 (open square) and 2000 (open 
circle) for all races (white, black, male, and female) in the United States (4) was 
evaluated in Fig. 1. Especially, we observed that when =84.47, a linear relation for (t) 
was appropriate for the case of 2000 (Fig. 1A). This linear function produced an 
accurate survival function with extremely high correlation (correlation coefficient, 
r=0.99998) between the actual data (open circle) and the estimated curve (solid line) 
(Fig. 1B). On the other hand, for the case of 1900-1902, when =67.44, a quadratic 
relation for (t) was appropriate (Fig. 1A). There was also a very high correlation 
(r=0.99902) between the actual data (open square) and the estimated curve (solid line) 
(Fig. 1B).  
A linear or quadratic expression for (t) is enough in this study. Such polynomial 
expression for (t) is convenient for the calculation of mortality by the equation (3). The 
adequate mathematical expression for (t) should be evaluated by the actual 
demographic data. The calculated mortality patterns for 1900-1902 and 2000 are 
illustrated in Fig. 1C. These patterns are consistent with the mortality patterns of other 
studies (5,6,7). Interestingly, the mortality profiles seem to follow the Gompertz law 
(the mortality increases exponentially with age) for late-life period (Fig. 1C, dashed 
line).  
We should note that the quadratic term of (t) for 1900-1902 indicates a high 
juvenile mortality, corresponding to a low slope ‘b’ of (t). Undoubtedly, the low 
juvenile mortality is important for longevity (2,3). To extend healthy lifespan, we should 
look towards higher values of (t) as the case of ‘a>b’ in Fig. 1A. The age-dependence 
of shape parameter tells well the nature of the ageing rate. 
The age-dependence of shape parameter must be associated with the 
fundamental mechanisms of human ageing. Especially, the shape parameter increases 
linearly with age for modern survival curve (for 2000). It is likely to imply a possibility 
that a general mechanism governs the human ageing through life. It is difficult that one 
can be aware of this fact from the traditional mortality studies. Furthermore, the 
extension of human lifespan maybe encounters a limit that at least is unsolved so far. 
For the case of the United States, since 1940’s, the lifespan has increased by virtue of 
the continuous increase of the scale parameter (Fig. 2A), but the slope of (t) (for linear 
relation) has been almost invariant (Fig. 2B). The constant slope of (t) may be 
associated with the fundamental limits of longevity. 
Ageing is a complex phenomenon (3). For example, it was reported that many 
genes act in concert to control longevity and ageing in complex biochemistry (8). 
Similarly, biological or physical processes sustaining life are extremely complex. It is of 
great importance that in the field of physics on complex systems, the decay 
phenomenon
 associated with multi-components often follows ‘stretched exponential 
function’ or ‘Kohlrausch-Williams-Watts function’ (9,10). Surprisingly, the 
mathematical expression for the stretched exponential function is identical with the 
Weibull survival function. In the stretched exponential function, the exponent is known 
as ‘stretched exponent’. It is believed that the stretched exponent is associated with the 
simultaneous interactions with numerous elements or elemental processes (10). The 
progression of shape parameter may be explained by an assumption of that interaction 
becomes stronger with age. Variation of the nature of interaction among vital processes 
may be important to understand the nature of ageing process. If there is a stronger 
interaction at advanced age, then the body maybe becomes more susceptible to faults. In 
other words, the susceptibility to faults increases with age as the interaction among vital 
processes becomes strong with age. It is understandable for example that the recovery of 
a broken bone is easier for a child than for an adult. In this case, the susceptibility to 
faults is lower for the child than for the adult. Interestingly, for humans, the shape 
parameter is progressive with age, whereas for technical devices, the shape parameter is 
in general constant with age (time). Probably, humans (biological systems) are different 
from technical devices (artificial systems) in the nature of evolution of susceptibility 
with age. Age-related diseases may be attributed to the evolution of susceptibility to 
faults with age. 
In summary, human survival and mortality curves could be described very 
simply and accurately by the Weibull survival function with the age-dependent shape 
parameter. The age-dependence of shape parameter determines the shape of survival and 
mortality curves and tells the nature of the ageing rate. Especially, the progression of 
shape parameter with age may be explained by the increase of interaction among vital 
processes or the evolution of susceptibility to faults with age. Age-related diseases may 
be attributed to the evolution of susceptibility to faults with age. 
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Figure legends 
 
FIG. 1. Shape parameter (A), survival (B), and mortality (C) as a function of age. The 
survival by age for the period 1900-1902 (open square) and 2000 (open circle) for all 
races in the United States (4) was evaluated. From the age-dependent shape parameter, 
(t), the survival and mortality curves (solid line) were plotted by the general functions: 
))/(exp( )(ttS βα−=  and dttd t /])/[( )(βαµ = , respectively. Especially, for the most 
duration of life, a linear relation, ‘(t)=1.43899+0.07280× t’, for 2000 and a quadratic 
relation, ‘(t)=0.56539+0.01558× t+0.0003348× t2’, for 1900-1902 were observed. 
 
FIG. 2. Variations of the scale parameter (A) and the slope of shape parameter (B) (for 
linear relation) for the United States from 1900’s to 2000’s. Although the scale 
parameter has increased continuously, the slope of shape parameter has been almost 
invariant since 1940’s. 
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FIG. 1. B. M. Weon 
 
 
1900's 1920's 1940's 1960's 1980's 2000's
0.00
0.02
0.04
0.06
0.08
0.10
 
 
sl
o
pe
 
o
f s
ha
pe
 
pa
ra
m
e
te
r
period
1900's 1920's 1940's 1960's 1980's 2000's
68
72
76
80
84
 
 
 
B
A
ch
a
ra
ct
e
ris
tic
 
lif
e
 
 
 
 
FIG. 2. B. M. Weon 
 
